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INITIAL PRESENTATION

Chief Complaint: Congenital nystagmus and early-onset progressive myopia

History of Present Illness:

A 4-year-old male with congenital nystagmus presented for evaluation of reported decreased vision since early infancy and
persistent nystagmus. The patient received his first pair of eyeglasses at approximately 2 years old for high myopia and wore his
eyeglasses consistently. His vision appeared somewhat improved while wearing the eyeglasses. His parents noted that his
nystagmus seemed less obvious when wearing his eyeglasses. Additionally, his parents reported that he displayed light sensitivity
in bright lighting conditions. He did not have strabismus.

Past Ocular History:

Congenital nystagmus, myopia

Past Medical History:

No pertinent past medical history
Normal developmental milestones

Medications:

Not currently taking any medication

Allergies:

No known allergies

Family History:

Reportedly, the patient’s maternal grandfather had poor vision since childhood, however it is unclear if he was formally
diagnosed with an eye condition and no genetic testing was performed.

Social History:

Lived at home with his parents.

OCULAR EXAMINATION

Visual Acuity with correction (LEA symbols blocked):
Right eye (OD): 20/100
Left eye (OS): 20/125
Both (OU): 20/80

Patient noted to be squinting throughout exam
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Other Visual Acuity Tests (Ishihara color vision test):
OD: 1/14 (test plate only)
OS: 1/14 (test plate only)

Ocular Motility/Alignment:
Orthotropic
Horizontal, fine, left-beating nystagmus with a latent component

Intraocular Pressure (IOP): palpation:
OD: soft
OS: soft

Pupils:
OD: No relative afferent pupillary defect (RAPD)
OS: No RAPD

Pupils:
OD: No relative afferent pupillary defect (RAPD)
OS: No RAPD

Confrontation visual fields:
Full in both eyes to lighted toys

External:
Normal bilaterally

Slit Lamp Exam:
OD and OS:

Lids/lashes: Normal
Conjunctiva/sclera: Clear and quiet
Cornea: Clear
Anterior chamber: Deep and quiet
Iris: Normal architecture
Lens: Clear

Dilated fundus examination (DFE):
OD and OS:

Disc: Very tilted, slightly small
Macula: Mottled pigmentation
Vessels: Normal
Periphery: Attached, blonde, no pigmentary changes

Refraction:

Wearing Rx

Sphere Cylinder Axis

Right -8.00 +3.50 096

Left -8.00 +3.00 079

New Prescription

Sphere Cylinder Axis

Right -9.00 +3.50 096

Left -9.00 +3.00 079

Additional testing:
Axial Eye Length (AEL) by B scan at age 4:

OD 26.74 mm OS: 26.36 mm
(normal for this patient’s age and sex = 22.50mm)



Awake full field electroretinogram (ERG) with skin electrodes - performed on the RETeval™ according to ISCEV 2022 5
Step Light First cd standards

Light-adapted full field ERG showed below normal a and b-wave amplitudes with almost non-discernible 30 Hz
flicker waveforms, though some periodicity at 30 Hz was present.
Dark-adapted full field ERG showed normal b-wave amplitudes with delayed and below normal a-wave amplitudes.
Findings were suggestive of photoreceptor dysfunction such as cone or cone/rod dystrophy. However, skin
electrodes were used which may measure falsely low amplitudes, especially in cases of long axial eye length

Flash visual evoked potential (single channel)
Peak times were delayed for flash visual evoked potential responses. The right eye responses were more delayed
than the left eye, but both eyes demonstrated similar waveform shapes.

Color fundus photography
Tilted, slightly small optic nerves bilaterally. Blond fundus. Attached retina with no pigmentary changes.

Optical Coherence Tomography (OCT) Macula
Formed fovea with widening of the foveal pit, subtle interruptions in the sub-foveal ellipsoid zone band and outer
retinal attenuation

DIFFERENTIAL DIAGNOSIS:

Cone dystrophies (achromatopsia or blue cone monochromacy)
Collagen disorders associated with high myopia
Isolated juvenile high myopia

CLINICAL COURSE

Given his clinical presentation and relevant testing results, blue cone monochromacy was highest on the differential diagnosis.
Specific findings consistent with this diagnosis included his congenital nystagmus, decreased best-corrected visual acuity,
moderate light sensitivity, family history of a maternal grandfather with poor vision (suggestive of possible x-linked recessive
inheritance pattern), decreased amplitudes in light-adapted full field ERG, early-onset high myopia, and decreased color vision on
Ishihara test with relatively normal fundus appearance.

Prior to being seen in our clinic, a previous provider was concerned for retinal dystrophy and ordered a sponsored inherited retinal
dystrophy panel, which revealed multiple genetic variants but no definitive explanation of the phenotype. The findings were:

A variant of uncertain significance (VUS) in GUCY2D was found, which could be associated with autosomal dominant (AD)
cone-rod dystrophy. However, early-onset nystagmus are not typically seen with this variant.
A single heterozygous pathogenic variant in ADAMTSL4, which is associated with autosomal recessive (AR) ectopia lens and
pupillae and high myopia. Given the single variant (carrier) and no clinical findings suggestive of the disease, AR ectopia lens
and pupillae were lower on the differential.
A VUS in CAPN5 was found. Pathogenic variants in this gene are associated with AD neovascular inflammatory
vitreoretinopathy (ADNIV) and high myopia. However, ADNIV typically has a later onset and no associated nystagmus.
A single VUS in MYO7A was found. Pathogenic variants in MYO7A are associated with AR Usher syndrome, retinitis
pigmentosa, and AD non-syndromic hearing loss. The patient has no history of hearing loss, making it possible that he is a
carrier of MYO7A-related Usher syndrome/retinitis pigmentosa.

The genetic testing showed that the patient was negative for pathogenic variants in genes associated with Achromatopsia and did
not have any variants of unknown significance in those genes.

Based on these results, and the clinical and electrophysiological findings, we determined that additional genetic testing was
necessary to clarify the underlying etiology of his vision. Targeted genetic testing showed that the patient’s father possessed the
GUCY2D VUS with no associated phenotype except red/green dyschromatopsia. Genetic testing for the cone opsin genes (OPN1LW
and OPN1MW) responsible for Blue Cone Monochromacy revealed that the patient has a hemizygous pathogenic variant in the
OPN1MW gene c.607T>C (p. Cys203Arg). Maternal testing confirmed that the mother was a carrier of the disease. This result
explained his personal and family history of vision concerns as well as his nystagmus, dyschromatopsia, and decreased vision. We
reviewed his genetic testing information and implications for the family in addition to discussing implications of the X-linked
inheritance pattern. Pre- and post-test genetic counseling was provided to the family.



DIAGNOSIS: Blue Cone Monochromacy

DISCUSSION

Blue cone monochromacy (BCM) is a rare, X-linked congenital cone dystrophy characterized by impaired color discrimination, early-
onset high myopia (in many but not all affected individuals), congenital nystagmus, and photophobia. (1) Patients typically have
reduced visual acuity from early infancy, with symptoms slowly progressing into adulthood. Many of the presenting features overlap
with other cone dysfunction disorders such as achromatopsia or rod monochromatism. (1)

BCM affects an estimated 1 in 100,000 individuals. (1) Since it is inherited in an X-linked recessive pattern, it primarily affects
males, while female carriers are typically asymptomatic. The disease occurs worldwide without significant racial or ethnic
predilection. The condition results from pathogenic variants affecting the OPN1LW and OPN1MW opsin gene clusters on the X
chromosome, which encode the red (L-cones) and green (M-cone) photopigments, leading to a reliance on rod photoreceptors and
blue cones (S-cones) for visual processing. (1,2) Since rod photoreceptors are more sensitive in low-light conditions, patients may
experience difficulties in bright environments due to photophobia. The inability to detect red and green wavelengths manifests as
severe color vision deficits on standard testing, such as the Ishihara test. (1)

For this patient and many others who have BCM, high myopia was the presenting feature prompting referral. High pediatric myopia
warrants a thorough workup to evaluate for an underlying cause or association, such as this case. With emerging advancements in
myopic control strategies, it is important to identify and treat high myopic patients as early as possible. The efficacy of current
methods for slowing myopia progression is unknown for myopia-associated retinal dystrophy.

In BCM, high myopia can exacerbate visual impairment and increase the risk of complications. (3) Regular monitoring for myopic
retinal degeneration is essential to prevent complications such as retinal detachment which can lead to permanent vision loss. (4)
Additionally, patients and their guardians should be advised on the risks of contact sports in pediatric patients and recommend the
use of sport goggles for protection in extracurricular activities. (4)

Genetic testing plays a critical role in the diagnosis and confirmation of inherited retinal diseases such as BCM. However, the
results of any genetic test must be interpreted in the context of a well-defined phenotype. Ordering broad or non-targeted genetic
panels without prior phenotypic characterization such as a detailed clinical exam, electrophysiology studies, and OCT can lead to
ambiguous or uninterpretable results. A precise clinical workup not only informs genetic panel and/or test selection but also
ensures that identified variants are meaningful. Without proper phenotyping, VUS may lead to diagnostic confusion and
unnecessary investigation into conditions that are inconsistent with the patient’s presentation, potentially delaying accurate
diagnosis and management while creating anxiety for patients and families and wasting resources.

It is equally important to understand the scope and limitations of the genetic test being used, including which genes are covered in
a panel and which are omitted. Understanding whether the test detects structural variants, copy number changes, or complex
rearrangements in gene clusters will help guide one’s use and interpretation of genetic testing. In our patient, a broad Inherited
Retinal Dystrophy panel was initially ordered. Although this panel revealed multiple VUS, none of the findings adequately explained
the patient’s full phenotype. Notably, genes associated with BCM were not included in the original panel. Given the high clinical
suspicion for BCM based on phenotypic and electrophysiologic findings, we pursued targeted testing, which ultimately confirmed a
diagnosis of BCM. A phenotype-first approach not only prevents detection and possible misinterpretation of VUS, but also helps
clinicians efficiently arrive at an accurate diagnosis through targeted testing.

Testing/Diagnostic Work-up:

Full field Electroretinography (ERG): patients will have profoundly reduced or undetectable 30-Hz flicker responses, as the
response is predominantly from L-cones (red) and M-cones (green) which the patients are deficient in. An S-cone ERG will be
preserved as S-cones (blue) are the only functional cones present in the patient’s retina. (3,5) Dark-adapted responses are
preserved.
Optical coherence tomography (OCT): may be normal or may show discontinuities in the ellipsoid zone of the fovea. At the
foveal outer nuclear layer, thinning may also be present. (3,5)
Visual evoked potential (VEP): typically shows delayed peak times, suggesting abnormal cone pathway transmission. (6)
Genetic Testing: revealed that the patient has a hemizygous pathogenic variant in the OPN1MW gene c.607T>C (p.
Cys203Arg). It is important to test for pathogenic variants in both gene clusters: OPN1LW/OPN1MW.

Imaging:



Figure 1. B-scan of the right eye (OD), axial length measuring 26.74mm
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Figure 2. B-scan of the left eye (OS), axial length measuring 26.36mm
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Figure 3. Color fundus photography of the right eye (OD) showing a tilted, slightly small optic nerve, blond fundus, and attached retina with no
pigmentary changes.
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Figure 4. Color fundus photography of the left eye (OS) showing a tilted, slightly small optic nerve, blond fundus, and attached retina with no
pigmentary changes.
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Treatment/Management/Guidelines:

Overall, BCM typically has slow or very little progression over time. (7,8) In infancy, patients present with congenital nystagmus and
visual acuity is somewhat reduced. As children become older, photophobia and reduced color vision become more evident,
nystagmus may regress, and decreased visual acuity becomes more apparent. (7,8) Vision typically ranges from 20/80 to 20/200.
As patients transition to adulthood, their visual acuity is expected to remain decreased but in a functional range. Nevertheless,
most patients are unable to drive or complete tasks that require fine visual acuity. (7,8)

There currently is no cure for BCM, but management focuses on maximizing visual function and quality of life through corrective
lenses, tinted lenses, visual aids such as magnifiers, and educational support such as an individualized education program (IEP) for
children in school. Long-term prognosis varies, but most individuals maintain stable visual acuity into adulthood. Genetic
counseling is crucial to discuss inheritance patterns and potential implications for family members.

As genetic testing for the disease has become more widespread, so has research into treatment options for patients with BCM.
Currently, two different mouse model therapies are being studied to improve vision in BCM patients, gene augmentation, and gene
editing. Gene augmentation consists of delivering a functional copy of the gene to the host. In contrast, gene editing directly edits
and corrects the pathogenic variant in the patient. (3) Currently these models have proven to have utility solely in mouse models,
yet they provide hope for potential future gene therapy in humans.

Figure 5. Heidlberg OCT macula right eye (OD) showing a formed fovea with widening of the foveal pit and subtle interruptions of the sub-
foveal ellipsoid zone band and outer retinal attenuation.
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Figure 6. Heidlberg OCT macula left eye (OS) showing a formed fovea with widening of the foveal pit and subtle interruptions of the sub-foveal
ellipsoid zone band and outer retinal attenuation.
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EPIDEMIOLOGY/ETIOLOGY
BCM is a rare, x-linked recessive disorder, with an
estimated prevalence of 1 in 100,000 individuals

SIGNS
High myopia, reduced visual acuity, impaired color
vision, photophobia, congenital nystagmus.

SYMPTOMS
Decreased visual acuity from infancy, light
sensitivity, and difficulty with color perception.

TREATMENT/MANAGEMENT
There currently remains no cure for BCM although
management includes corrective tinted lenses and
functional aids.

References
1. Michaelides, M., Hunt, D. M., & Moore, A. T. (2004). The cone dysfunction syndromes. The British journal of ophthalmology,

88(2), 291–297. https://doi.org/10.1136/bjo.2003.027102
2. Georgiou, M., Robson, A. G., Fujinami, K., de Guimarães, T. A. C., Fujinami-Yokokawa, Y., Daich Varela, M., Pontikos, N.,

Kalitzeos, A., Mahroo, O. A., Webster, A. R., & Michaelides, M. (2024). Phenotyping and genotyping inherited retinal diseases:
Molecular genetics, clinical and imaging features, and therapeutics of macular dystrophies, cone and cone-rod dystrophies,
rod-cone dystrophies, Leber congenital amaurosis, and cone dysfunction syndromes. Progress in retinal and eye research,
100, 101244. https://doi.org/10.1016/j.preteyeres.2024.101244

3. Sechrest, E. R., Chmelik, K., Tan, W. D., & Deng, W. T. (2023). Blue cone monochromacy and gene therapy. Vision research, 208,
108221. https://doi.org/10.1016/j.visres.2023.108221

4. Morgan, I. G., Ohno-Matsui, K., & Saw, S. M. (2012). Myopia. Lancet (London, England), 379(9827), 1739–1748.
https://doi.org/10.1016/S0140-6736(12)60272-4

5. Tsang, S.H., Sharma, T. (2018). Blue Cone Monochromatism. In: Tsang, S., Sharma, T. (eds) Atlas of Inherited Retinal Diseases.
Advances in Experimental Medicine and Biology, vol 1085. Springer, Cham. https://doi.org/10.1007/978-3-319-95046-4_14

6. Baiano C, Zeppieri M. Visual Evoked Potential. [Updated 2023 May 11]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK582128/

7. Therapy, research & support for Blue Cone Monochromacy. BCM Families Foundation. (2025, February 10).
https://www.blueconemonochromacy.org/

8. The University of Arizona Health Sciences . (n.d.). Blue cone monochromacy. Hereditary Ocular Disease.
https://disorders.eyes.arizona.edu/handouts/blue-cone-monochromacy

Suggested citation format:
Davis K, Noble PM, Dumitrescu AV. Blue Cone Monochromacy. EyeRounds.org. August 11, 2025. Available from
https://EyeRounds.org/cases/369-blue-cone-monochromacy.htm

Image Permissions:

Ophthalmic Atlas Images by EyeRounds.org, The University of Iowa are licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 3.0 Unported License.

University of Iowa
Roy J. and Lucille A. Carver College of Medicine

Department of Ophthalmology and Visual Sciences

http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US
https://eyerounds.org/cases/eyerounds.org
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US


200 Hawkins Drive
Iowa City, IA 52242

Support Us

Copyright © 2019 The University of Iowa. All Rights Reserved
Report an issue with this page

Web Privacy Policy | Nondiscrimination Statement

Follow

    
Receive notification of new cases, sign up here

Contact Us
Submit a Suggestion

https://www.givetoiowa.org/GiveToIowa/WebObjects/GiveToIowa.woa/wa/goTo?area=eye
https://medcom.uiowa.edu/bugzilla/enter_bug.cgi
https://uiowa.edu/privacy
https://opsmanual.uiowa.edu/community-policies/nondiscrimination-statement
https://www.facebook.com/eyerounds
https://www.facebook.com/eyerounds
https://twitter.com/intent/follow?source=followbutton&variant=1.0&screen_name=eyerounds
https://twitter.com/intent/follow?source=followbutton&variant=1.0&screen_name=eyerounds
https://instagram.com/eyerounds
https://instagram.com/eyerounds
https://eyerounds.org/new-case-notify.htm
https://eyerounds.org/Contact.html
https://uiowa.qualtrics.com/jfe/form/SV_4IQGO1JHzNohn5b

